G lioma is the most common primary intracranial tumor in adults, accounting for more than 40% of primary CNS neoplasms. In accordance with WHO classification, which is based on histomorphologi-cal criteria, gliomas are categorized as well-differentiated low-grade astrocytoma (WHO Grade I or II), anaplastic astrocytoma (WHO Grade III), or glioblastoma (GBM; WHO Grade IV). 15 The most frequent and malignant glio-abbreviatioNs GBM = glioblastoma; KPS = Karnofsky Performance Scale; miR-205 = microRNA 205; miRNA = microRNA; OS = overall survival; PCNSL = primary diffuse large B-cell lymphoma of the CNS; qRT-PCR = quantitative reverse-transcription polymerase chain reaction.
ma is GBM, a tumor associated with a dismal prognosis. 16 Despite great progress in therapeutic technologies, such as surgery, radiotherapy, and chemotherapy, the median survival time remains a meager 15 months, with a 5-year survival rate for patients with GBM that is lower than 5%. 23 This poor prognosis for patients with GBM underscores the difficulties and challenges in effectively detecting and treating this lethal cancer.
Currently, histopathology of tumor specimens obtained during resection or stereotactic biopsy represents the gold standard for the typing and grading of glioma and relies largely on particular architectural similarities between tumor cells and nonneoplastic glial cells. 19 Neuroimaging, in particular MRI, is instrumental for cancer staging and for follow-up after glioma therapy. Blood biomarkers are firmly established for screening and early diagnosis, monitoring therapeutic effects, and predicting recurrence in patients with cancer. 20 To date, no biomarkers in serum or plasma have been established for the routine clinical management of patients with glioma. Therefore, it is crucial to identify objective markers, particularly biomarkers that can be found noninvasively in serum or plasma, for glioma diagnosis.
MicroRNAs (miRNAs) are small, single-stranded, non coding RNA molecules that modulate the expression of targeting genes at the posttranscriptional level, which leads to mRNA degradation or inhibition of translation. 24 miRNAs are involved in the regulation of various cell processes including development, apoptosis, proliferation, and differentiation. 1 Further investigations have confirmed that miRNAs can function as tumor suppressors or oncogenes and play essential roles in a wide variety of physiological and pathological processes in various cancers, including glioma. 7 Accumulating findings have been revealing that miRNAs are notably stable in blood, and circulating miR-NAs have the potential to be used as biomarkers for several malignancies. 5, 22 Based on our previous observations, microRNA 205 (miR-205) is significantly downregulated in glioma cell lines and tissue specimens. 26 Here, we investigated the diagnostic and prognostic potential of miR-205 in the serum of patients with glioma.
methods patients and clinical samples
This study was approved by the Tianjin Huanhu Hospital, Tianjin Hospital, Shandong Cancer Hospital, and Laiwu City People's Hospital ethics committees. All participants signed an informed consent form for the use of their blood samples before recruitment. All specimens were handled and made anonymous according to ethical and legal standards.
Preoperative serum samples were collected from 64 patients with histologically proven glioma. Serum samples of patients with glioma (n = 10) were obtained before surgery and 2 weeks after surgery. Serum from 6 patients with recurrent GBM was collected and miR-205 expression levels were measured after each surgery and recurrence. As a control, serum was also collected from healthy volunteers (n = 45). No other type of cancer had been diagnosed in the volunteers previously, and they were matched to the patients by age, sex, and ethnicity. Cohorts of pa-tients with other brain tumors, including meningioma (n = 8), primary diffuse large B-cell lymphoma of the CNS (PCNSL) (n = 6), and pituitary adenoma (n = 5), were investigated and compared. After being collected, samples were centrifuged at 1500g for 20 minutes at 4°C, and the supernatant fluids were then transferred into fresh collection tubes and stored at -80°C until further processing.
All the patients were followed up at regular intervals for up to 2 years. Survival time was calculated from the date of diagnosis to the date of death or last date of followup. Patients who died as a result of disease not directly related to glioma or as a result of unexpected events were excluded from this study.
rNa isolation
Extraction of miRNA from serum was performed with miRNeasy RNA isolation kits (Qiagen) according to the manufacturer's protocol. The concentration and purity of all RNA samples were evaluated by their absorbance ratio at 260/280 nm using a NanoDrop 2000 spectrometer (Thermo Scientific). The isolated RNA was reverse transcribed and amplified using the TaqMan miRNA reversetranscription kit (Applied Biosystems). The cycle parameters were defined as follows: 16°C for 30 minutes, 42°C for 30 minutes, and 85°C for 15 minutes and then stored at 4°C.
real-time Quantitative reverse-transcription polymerase chain reaction
Real-time quantitative reverse-transcription polymerase chain reaction (qRT-PCR) was performed using TaqMan microRNA assays (Applied Biosystems) in an ABI PRISM 7900 real-time PCR system. The primers of human (has)-miR-205 and has-miR-16, used as an endogenous control, 11 were purchased from Applied Biosystems. Reaction mixtures were incubated at 95°C for 10 minutes, followed by 40 cycles at 95°C for 15 seconds and 60°C for 1 minute. Signals were detected at the end of each cycle. The cycle threshold (Ct) values were calculated with SDS 2.4 software (Applied Biosystems). The relative level of miR-205 was calculated by using the 2 -DDCt method. Each sample was run in triplicate for analysis.
statistical analysis
All computations were carried out using the software of SPSS version 13.0 for Windows (SPSS). Data are expressed as mean ± SD. ANOVA was used to determine the statistical differences among groups. Overall survival (OS) time was calculated from the date of the initial surgery to the time of death. Survival curves were made by using the Kaplan-Meier method, and the log-rank test was used to assess survival differences between the groups. Cox regression analysis was used to assess predictors related to survival. Any difference with a p value less than 0.05 was considered statistically significant.
results clinical characteristics of patients
In total, 64 patients with glioma and 45 healthy volunteers were recruited into the present study between October 2011 and March 2012. A total of 32 male and 32 female (1:1) patients with glioma were enrolled in this study. The median age at glioma diagnosis was 45 years (range 30-72 years). The median Karnofsky Performance Scale (KPS) score was 80 (range 70-100). The diagnosis in each patient was confirmed pathologically according to the 2007 WHO classification criteria; 7 had pilocytic astrocytoma (WHO Grade I), 9 had diffuse astrocytoma (WHO Grade II), 21 had anaplastic astrocytoma (WHO Grade III), and 27 had primary GBM (WHO Grade IV). None of the patients had received chemotherapy or radiotherapy before surgery. After surgery, 54 patients received radiotherapy combined with chemotherapy. Patients who received adjuvant therapies after surgery had similar treatment regimes. As summarized in Table 1 , there was no significant difference between the patients with glioma and the controls in terms of sex, smoking status, alcohol consumption, and family history of brain tumors. The median follow-up time was 19.5 months (range 8.0-30.5 months). At the last follow-up, 34 of the 64 patients were dead, including 2 patients with a WHO Grade I tumor, 3 patients with a WHO Grade II tumor, 10 patients with a WHO Grade III tumor, and 19 patients with a WHO Grade IV tumor. The 1-and 2-year OS rates were 88.4% and 47.9%, respectively.
serum mir-205 expression level as a potential diagnostic biological marker
Based on our previous observations that miR-205 was significantly downregulated in glioma cell lines and tissue specimens, we sought to test whether serum miR-205 expression can serve as a potential biomarker for glioma. First, the serum miR-205 expression levels in 12 patients with glioma and 12 healthy controls were analyzed by real-time qRT-PCR in the screening phase of the study. After normalization to miR-16 expression levels, 11 serum miR-205 expression levels in the patients with glioma were significantly lower than those in the healthy volunteers (p < 0.01; Fig. 1 ).
To further evaluate the diagnostic potential of miR-205, we next examined serum miR-205 expression in 52 patients with glioma and in 33 healthy volunteers in the validation phase. We noted that serum miR-205 exhibited a relatively high expression level in healthy controls, whereas its expression was significantly downregulated in patients with glioma (p < 0.01). It is important to note that serum miR-205 expression demonstrated a stepwise decrease with ascending pathological grades (p < 0.01; Fig.  2 ). Serum miR-205 expression levels in high-grade (Grade III-IV) and low-grade (Grade I-II) gliomas were both significantly lower than that in healthy controls. There was also a significant difference in serum miR-205 expression between high-grade and low-grade glioma specimens (p < 0.01; Fig. 2 ).
Subsequently, we generated receiver operating characteristic (ROC) curves to assess the potential usefulness of serum miR-205 as a biomarker for the diagnosis of glioma that can be measured noninvasively. Our ROC analyses revealed that serum miR-205 levels were robust in discriminating patients with glioma from control subjects (area under the curve 0.935). Using a cutoff value of 0.16, the sensitivity, specificity, and positive and negative predictive values were 86.3%, 92.2%, 96.4%, and 65.8%, respectively, for identifying a patient with glioma. To evaluate the levels of serum miR-205 that are specifically correlated with glioma, other brain tumors were investigated and compared. We selected a healthy cohort (n = 20) and cohorts of patients with meningioma (n = 8), PCNSL (n = 6), pituitary adenoma (n = 5), and glioma (n = 30) to identify whether serum miR-205 can be used as an individual diagnostic marker. As shown in Fig. 3 , serum miR-205 expression levels were significantly lower in the patients with glioma than those in the other cohorts.
Finally, we evaluated whether serum miR-25 levels re- flect tumor dynamics in the treatment course of patients with glioma. Serum miR-205 expression levels in a small set of 10 patients with glioma who underwent curative resection were measured before and after surgery. It was interesting to observe that serum miR-205 expression levels statistically significantly increased after surgery in the same subset of patients (p < 0.01; Fig. 4 upper) . In addition, serum miR-205 expression levels in 6 patients with GBM were measured after surgery and after recurrence ( Fig. 4  lower) ; a significant decrease in the serum miR-205 levels was found at recurrence in the patients with GBM. Therefore, serum miR-25 levels might be a reflection of tumor dynamics in the treatment course of patients with glioma.
Collectively, the data demonstrate that serum miR-205 expression maybe used as a diagnostic biomarker for patients with glioma.
association of serum mir-205 downregulation with clinicopathological characteristics of human glioma
We then investigated the association of serum miR-205 expression with various clinicopathological characteristics of human glioma. Glioma serum specimens that expressed miR-205 at a level less than the median expression level (0.26) were assigned to the low-expression group (mean expression value 0.21; n = 38), and those samples with an expression level above the median value were assigned to the high-expression group (mean expression value 0.36; n = 26). A statistically significant correlation was observed between low serum miR-205 expression and advanced pathological grade (p = 0.002) and low KPS score (p = 0.01; Table 2 ). Patients with a glioma specimen in which serum miR-205 expression was decreased tended to have a higher pathological grade and lower KPS score. There was no significant association between serum miR-205 expression and other clinicopathological parameters, including sex or age at diagnosis (p > 0.05; Table 2 ).
serum mir-205 is a prognostic marker in patients with malignant glioma
Furthermore, to investigate the prognostic value of serum miR-205 expression in the OS of patients with advanced-grade glioma, the detailed clinical information of patients with malignant glioma was reviewed. Forty-eight patients were categorized into 1 of 2 groups according to their serum miR-205 level (median relative miR-205 concentration 0.17). As determined by the log-rank test, the survival rate of the patients with low serum miR-205 expression was significantly lower than that of the patients with high serum miR-205 expression (p < 0.01; Fig. 5 ).
The Cox regression analyses revealed a significant as- sociation between the miR-205 serum level and OS in patients with glioma (p < 0.001; hazard ratio 3.2; 95% confidence interval [CI] 1.8-7.1; Table 3 ). With all data considered together, serum miR-205 expression was an independent prognostic indicator for the patients with malignant glioma.
discussion
GBM, which is characterized mainly by aggressive and rapid infiltration against neighboring normal brain tissues, is among the most feared types of cancer. Its considerable danger to patients includes not only the risk of fatality but also direct repercussions on quality of life and cognitive function. 21 It is unfortunate that most patients with newly diagnosed GBM present with locally advanced tumors, and common imaging techniques such as MRI, radiography, CT, and PET cannot detect the exact tumor boundaries; therefore, treatment cannot be performed effectively, and the clinical outcome of patients remains poor. 2 Nowadays, biomarker screening is an emerging field for the diagnosis of various cancers, and the role is more important in patients with glioma, because quite a few of them can not obtain a pathologic diagnosis.
Biomarkers are related to tumor biology and provide a more accurate assessment in the prognosis of disease. 18 Currently, only several markers for specific tumors have been identified, because discovering and testing tumor biomarkers are difficult. However, blood biomarkers can be measured noninvasively and would be easily testable because of the simplicity in obtaining samples, so they are strongly preferred, particularly in a substantial portion of patients for whom tumor biopsy is not available. 8 More recently, miRNAs were identified as cancer biomarkers circulating in cell-free serum that can distinguish diseased individuals from healthy controls. Serum miRNAs are well protected from RNases and remain stable after being subjected to harsh conditions. 27 Many studies have demonstrated that miRNAs are released into the circulation and exist in markedly stable form. 13, 14 The first serum miRNA biomarker discovered was miR-21, which was found in high serum levels associated with increased relapse-free survival in patients with diffuse large B-cell lymphoma. 12 Accumulating representative reports are suggesting that circulating miRNAs in the blood of patients can act as novel biomarkers that can be obtained noninvasively for the detection or monitoring of various cancers and putative therapeutic targets. 3, 6 Indeed, their sensitivity and specificity in diseases and noninvasive collection from serum have encouraged the pursuit of research on miRNA biomarkers. Considerable study has been performed to detect circulating miRNAs; however, the circulating miR-NAs in patients with glioma remain largely unknown. In our study, we obtained data indicating that the miR-205 level in serum is a diagnostic, prognostic, and predictive biomarker for glioma. miR-205 has been identified in many studies and is abnormally expressed in many cancers; however, it plays a converse role in different cancers. 4 The function of miR-205 depends on the specific tumor context and targeted genes downstream. miR-205 acts as a tumor suppressor and is downregulated in glioma and breast and esophageal cancer via inhibiting proliferation and invasion, whereas it is identified as an upregulated oncogene in lung cancer, bladder cancer, ovarian cancer, and head and neck cancer cell lines through facilitating tumor initiation and proliferation. 10, 17, 25, 28 In previous observations, we found that miR-205 was significantly downregulated in glioma cell lines and tissue specimens and that ectopic expression of miRNA-205 induces apoptosis and cell-cycle arrest and impairs cell viability, clonability, and invasive properties of glioma cells by directly targeting vascular endothelial growth factor A. 26 In addition, another group found that downregulation of miR-205 in tissues was associated with glioma progression. 9 As shown in the studies discussed above, miR-205 is associated with the occurrence and development of cancers. However, the diagnostic function of miR-205 has not been reported. Here, we initially sought to test whether circulating miR-205 can serve as a biomarker for glioma.
In the present study, we found that serum miR-205 was more downregulated in human patients with glioma than in healthy controls. We also found that decreased serum miR-205 expression was significantly correlated with ascending pathological grades. It is important to note that serum miR-205 expression was associated with advanced tumor progression and lower KPS scores. In addition, Kaplan-Meier analysis revealed that patients with glioma with a low miR-205 level tended to have poorer OS. Finally, both univariate and multivariate Cox regression analyses revealed that miR-205 serum levels were independently associated with OS. Our data suggest that the level of serum miR-205 is not only a potential diagnostic biomarker but also a predictor of OS in human glioma.
conclusions
We found that serum miR-205 is a novel and valuable biomarker for the diagnosis of glioma and an independent prognostic parameter for OS in advanced-grade cancers. This study also shows that detecting miRNA levels in serum is a promising area for identifying biomarkers and has great potential for clinical use in cancers. Certainly, further supporting evidence from larger independent studies is needed before clinical application. 
